aryland
caused an extended lag phase.
Most work with Legionella pn hmophila has cultures grown for 72 h on charcoal-yeast extract agar been done on various solid media (1, 2). Alplates. Cells were harvested from plates with normal though these media are supportive of good saline, washed once. and suspended in 10 ml of the growth, they are not satisfactory for use in consame diluent. Acid-washed 1-liter Erlenmever flasks containing trolled metabolic experiments. A chemically de-40) ml of medium were inoculated with sufficient cells fined liquid medium is preferred for physiologito obtain an initial cell count of 7 x 10 colony-forming cal studies, since optimal control of growth pa-units per ml. Cultures were incubated in a controlledrameters can be established. Several investigaenvironment incubator shaker (New Brunswick Scitors have described chemically defined media (4, entific Co.. New Brunswick. N.J.) at 37°C at 100 5); however, we felt that these media could he osciliations per nin without CO. improved upon since they either were compliAll plates were incuhated at 37°C in a moist atmocated to prepare or required a large initial inoc-sphere without CO. ulum that produced only one or two generations.
Preparation of the chemically defined medium. The composition of the medium is listed in We have previously reported a complex medium Table I . The components were added to deionized. that was based on filtered yeast extract (5). We distilled water: choline. rhamnose, and ferric pyrotherefore chose to develop a chemically defined phosphate, when used. were added after the pH had medium modeled after the yeast extract of BBL been adjusted to 6.3 with I N NaOH. The final pH of Microbiology Systems (6). In the present cornthe medium was 6.3 ± 0.02. The medium was then munication we describe this medium and also sterilized by filtration through a 0. at 5, 6, 7, and 8 h postinoculation indicate that the strain has a lag phase of less than 5 h. The logarithmic growth proceeded for 31 h and attained a maximum cell population at 37 h of 1.4 I x 10' colony-forming units per ml with an average generation time of 4 h. The stationary phase continued for an additional 18 h. At 96 h. ' the population was 2.4 x 10" colony-forming units per ml. Microscopic observations at 40 h (Fig. 2) Effect of supplemental ferric pyrophosDetermination of optimal pH. Figure 4 phate. Iron concentration appears to he a factor shows the effect of initial pH on the maximum in determining the rate of growth as seen by 24-growth obtained at 38 h. Optimal growth was h readings ( Table 3) . Comparison of the readings attained at an initial pH of 6.3; however, pigment taken after 24 and 48 h of incubation indicates production was delayed at this value, compared that the generation time was altered as the iron to a pH of 6.9. concentration changed. This was particularly Growth requirements for t.-valine, L-me-evident in the sample without supplemental thionine, t.-arginine, 1-serine, t.-threonine iron, indicating that iron is not an essential and t.-cysteine. L. pneurnophila has definitive growth factor, but is necessary for initial rapid requirements for the amino acids L.-cysteine, L-growth. This effect on growth is due to a serine, L-methionine, L-valine, L-arginine, and shortened lag time, which is dependent (n the L-threonine ( Table 2 ). It was found that when concentration of ferric pyrophosphate. L-cysteine was deleted from the medium there Effect of choline and carbohydrates. Tawas only moderate growth as compared to the hie 4 indicates that choline stimulates the control. The removal of cystine from the me-growth of L. pneumophila. Rhamnose was the dium had no effect on growth; however, when only carbohydrate examined which appeared to both cysteine and cystine were deleted from the have a synergistic effect with choline. It was also medium the growth obtained was oinly slight.
noted that the choice of carbohydrate affected This small percentage of growth may be due to the alkalinity of the medium as seen by the 40-.
utilization of endogenous amino acids in the cell. h recordings (Table 4) .
. Threonine and serine have been lroposed as Effect of a-ketoglutaric acid and pyruvic energy sources for L. 1neunophda C). Arginine acid. Both o-ketoglutaric and pyruvic acids . and valine in our medium were found to be have been used in an attempt to stimulate the essential for the initiation of growth. It appears growth of L. pnitumophila (4, 7). Both acids that these two amino acids, like threonine and were inhibitory to growth of Legionella in this serine, also are probable energy sources for Le-synthetic medium ( In an effort to find other compounds that quirements l1, 2, 4). These requirements, howwould stimulate growth we incorporated o-keever, may not be as stringent as initially indi-toglutaric and pyruvic acids into the medium. cated (3, 7). Warren and Miller (7) successfully The inhibitory effect that we observed was not grew L. pneumolphila in what can be considered expected, since others have not had similar rea simple medium. We have obtained similar suits (4, 7). The concentrations of other constit. results with a less complicated medium. Growth uents in our synthet ic medium are different from was obtained with 18 amino acids, 6 of which those previouly reported. This variation in conproved to be essential. The amino acids phen-centration may provide a more sensitive system ylalanine, tyrosine, aspartic acid, and cystine for feedback inhibition of o-ketoglutaric and pycould be deleted without an appreciable effect ruvic acids. on growth (unpublished data). Cystine could These observations are helpful in elucidating only partially replace the cysteine requirement the physiology of an organism that has simple even in the presence of high concentrations of nutritional requirements for growth. but a commethionine. Other nutritional requirements plex metabolism. This is not unexpected, considseemed to be minimal. Vitamins, purines, pyrim-ering the ubiquitous nature of L. pneurnophila. idine, and coenzymes were not employed beThe capability to survive in an austere environcause we had found no effect on the rate of ment demands that an organism be adaptable growth at various concentrations. This would and have simple nutritional requirements. indicate, as previously suggested (5), that L.
Unfortunately, this metabolic adaptability pneumophila has the capability to synthesize all makes the isolation and physiological studies of its required vitamins and vitamin-like com-the organism difficult. Organisms isolated from pounds.
clinical sources will more than likely be shown Previous reports indicated that L. pneumo-to have different nutritional requirements from phila has a requirement for ferric ion or hemo-those isolated from the environment. Hopefully globin (1, 2, 4 
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